tary clinical evaluation programs for these veterans were begun in early 1993. As of February 1997, more than 74,000 veterans had been evaluated in these health registries. The purpose of this study was to determine the risk factors for participation in the registry programs. Risk factor data would be useful in identifying the most symptomatic veterans.
MATERIALS AND METHODS

Study population
The study population included all 696,531 military personnel deployed to the Persian Gulf War theater (12) for one or more days during the period August 8, 1990 , until July 31, 1991. This previously described population (13) includes personnel from all US military service branches (Army, Navy, Marine Corps, Air Force, and Coast Guard) and service types (active, reserve, and National Guard).
The Department of Veterans Affairs and the Department of Defense established voluntary health registries in 1992 and 1994, respectively, to evaluate, document, diagnose, and provide medical care to Gulf War veterans who chose to participate. Military personnel who have separated from active duty since the Gulf War or who served in the reserves or National Guard during the war are eligible to participate in the Department of Veterans Affairs Persian Gulf Veterans' Health Registry (VA registry), while Gulf War veterans who have remained on active duty, retired from service, or who are currently serving in the National Guard or the reserves are eligible to participate in the Department of Defense's Comprehensive Clinical Evaluation Program (DoD registry). Veterans usually enrolled in these registries by calling toll-free numbers or their local federal hospital to gain an appointment for evaluation. Veterans were also permitted to enroll by "walking-in" at federal medical facilities. All clinicians in both Departments follow a structured evaluation protocol, administering a comprehensive history and physical examination. If necessary, veterans are referred to specialists for more advanced diagnostic tests and treatment. Evaluations may require hospitalization for invasive diagnostic procedures. In addition to local medical specialty evaluations, registry staff may request additional evaluations at large referral hospitals. Clinical diagnoses, symptoms, and selfreported exposures are recorded for each participant.
Data sources
Gulf War veterans were identified from Gulf War service data compiled from Army, Navy (including Marine Corps), and Air Force deployment location and hostile fire pay records by the Defense Manpower Data Center, Seaside, California. VA registry data were obtained from the Veterans Affairs' Austin Automation Center, Austin, Texas. DoD registry data were obtained from the Deployment Surveillance Team of the Office of the Assistant Secretary of Defense for Health Affairs, Falls Church, Virginia.
Gulf War veteran demographic data included sex, date of birth, paygrade, race, ethnicity, home of record, service branch, service type, marital status (as of 1991), Department of Defense primary occupational specialty, beginning and ending date of Gulf War service, and date of separation from active duty. DoD registry data included symptoms, a principal diagnosis, and up to six secondary diagnoses. Demographic, DoD registry, and prewar Department of Defense hospitalization data (in the 12 months before the war) were sent to the Department of Veterans Affairs, where edited VA registry data were added. To ensure privacy, the Department of Veterans Affairs removed all personal identifiers and sent the final data to the Naval Health Research Center. VA registry data included up to three diagnoses and six symptoms (modified in June 1996 to include up to 10 diagnoses and 10 symptoms). All diagnoses from the DoD and VA registries were coded according to the International Classification of Diseases, Ninth Revision (ICD-9) (14) . These codes may have up to five digits including two decimal places. Since the second decimal place often indicates a subclassification of disease, such as disease site, this digit was often not used in these analyses. The first diagnosis listed for each registry participant was considered the principal diagnosis.
Home (15) .
Statistical analyses
As this was a historical cohort study, demographic variables were univariately compared with registry participation using risk ratio calculations. Confidence intervals for the unadjusted risk ratios were determined by the method described by Katz et al. (16) . Variables with strong univariate associations were offered to a forward, stepwise logistic regression analysis, data from which were used to generate odds ratios. We used p < 0.10 to enter and p > 0.15 to remove covariates from this multivariate model. contact with DoD registry personnel but had not yet completed their clinical examinations; they were not considered further. A total of 1,314 veterans had registered in both the VA and DoD registries, but only their more current Veterans Affairs data were used. Overall, data from the 74,653 (10.7 percent) of 696,531 Gulf War veterans who had undergone registry clinical examinations were used in statistical comparisons.
RESULTS
As of February
Complete demographic data were available for 678,587 (97.4 percent) of the 696,531 Gulf War veterans. Only these 678,587 Gulf War veterans were used for multivariate risk factor modeling. No important differences existed in the proportional distribution of demographic variables between those with and without complete data (data not shown).
Most frequent diagnoses
Registry participants who, after clinical evaluation, were considered healthy were coded in several ways by registry clinicians (table 1) . VA registry staff used a non-ICD-9 diagnostic code (DX111) or left the diagnoses fields blank. All of the 16,993 subjects with a principal diagnostic code of DX111 had one or more symptoms recorded during their registry evaluations. More than 99.8 percent of the 3,808 subjects with missing diagnoses similarly had one or more symptoms recorded. DoD registry staff used the ICD-9 code V65.5 to indicate a healthy participant. Scientists from the Department of Veterans Affairs and Department of Defense have described this high percentage (30.6 percent total) of registry participants as the "worried well," personnel who sought medical attention, with or without symptoms, for whom no clinical diagnoses were evident.
The 19 other most frequent principal diagnoses were similar to the numerous general and nonspecific symptoms that Gulf War veterans have reported elsewhere (6, 9, 11, (17) (18) (19) . Noteworthy was the high prevalence of the diagnosis psychalgia (ICD-9 code 307.8), which more than 99 percent of the time was coded as tension headache (ICD-9 307.81). Over 50 percent of principal diagnoses were classified by the ICD-9 system into four large categories: diseases of the musculoskeletal system and connective tissues (19.0 percent), mental disorders (14.7 percent), diseases of the respiratory system (10.5 percent), and diseases of the skin and subcutaneous tissue (9.4 percent).
Although the VA registry and DoD registry systems used the same diagnostic approach, they differed with respect to diagnosis and symptom recording. VA registry personnel generally recorded symptoms (codes ranging from 780 to 789) in the three VA registry symptom fields and avoided coding symptoms in the principal diagnostic field. DoD registry personnel recorded both diseases and symptom codes in the principal diagnostic field.
Risk factor analyses
All demographic variables demonstrated statistically significant univariate associations with the outcome of registry participation (table 2). Among the service branches, Army personnel were at highest relative risk in comparison with Navy and Coast Guard personnel (risk ratio (RR) = 5.5, 95 percent confidence interval (CI) 5.4-5.7). Service type was also strongly associated with registry participation, with National Guard (RR = 3.4, 95 percent CI 3.4-3.5), reserve (RR = 2.3, 95 percent CI 2.2-2.3), and active duty personnel who had separated (RR = 1.3) at higher risk than active duty personnel who remained on active duty after the war. Registry participants also were more likely to have been stationed in the Gulf War theater during the fighting, to be older, to have been enlisted or a warrant officer, to have a home of record in the southeast United States, to have been supply handlers, to be female, and to have been hospitalized during the 12-month period before the war.
Forward selection, stepwise logistic regression modeling revealed demographic characteristic odds ratios similar in pattern to those of the univariate-derived risk ratio calculations (table 2). Personnel at highest odds of participating in a health registry had served in the Army (odds ratio (OR) = 4.7), had served in the National Guard (OR = 2.6), were in the Gulf War theater during the fighting (OR = 2.2), were older, were enlisted personnel, had been construction workers, were female, and had been hospitalized during the 12-month period before the war.
DISCUSSION
The high proportion of registry participants who, after clinical examination, were given no diagnosis or a healthy status (table 1) reflects the general healthiness of the population. This finding is consistent with previously published summaries of DoD registries (4-6).
The list of most common principal diagnoses (table  1) is also consistent with both VA and DoD registry reports (6, 18) and nonfederal studies of Gulf War veterans' symptoms (19) in that veterans often complain of joint pain and musculoskeletal pain. However, our controlled study of the postwar hospitalization experience of Gulf War veterans demonstrated that they had no additional risk of developing musculoskeletal diagnoses when compared with nondeployed military populations (13) .
Several of the other common principal diagnoses were also consistent with the findings of a controlled postwar hospitalization study (13) in that registered Gulf War veterans had common mental disorder diagnoses. As with other wars, diagnoses such as adjustment disorder, depression, and anxiety states are recognized sequelae from the physical and psychologic trauma of war (13, (20) (21) (22) .
Since the registry population was self-selected, it is likely that their diagnoses would not reflect the diagnoses of a probability-based sample of the entire Gulf War veteran population. Hence, these ICD-9 data should be interpreted with caution and perhaps best viewed as examples of how registry clinicians classified registrants into diagnostic categories. Because of the accompanying potential biases of self-selection (23) and the differences in symptom diagnosis recording described previously, we chose to focus this report on risk factors for the participation in the registry programs. We reasoned that identifying risk factors for participation may help identify new demographically based subpopulations for future study.
Risk factor analyses for registry participation validated a recent DoD registry report (6) and summary reports of the VA registry (11) . Army personnel, reserve and National Guard personnel, personnel of older age groups, and women were more likely to register for the health evaluations in these summaries. However, our analyses are important in that they quantify, in a multivariate way with much statistical power, the independent risk factors for registry participation. Our analyses also yield some additional observations. These include the increased risk for personnel who were in the Gulf War theater during the combat period (OR = 2.2), construction workers (OR = 1.3), health care personnel (OR = 1.2), personnel who separated from active service (OR = 1.2), and personnel who were hospitalized during the 12-month period prior to the conflict (OR =1.2).
Our recent controlled study of risk factors for postwar hospitalization in Department of Defense hospitals demonstrated some parallels to the registry risk factor findings. In that study, Army personnel, females, personnel of older age groups, married personnel, and health care workers were the most likely demographic categories to be hospitalized (13 risk for personnel with homes of record outside the United States or unknown is a curiosity and remains unexplained. The slightly increased risk for separated personnel to register is consistent with the suggestion that former active duty personnel may be more likely to seek medical evaluation to document service-related health conditions for which they merit compensation. The association of prewar hospitalization with registry participation has recently been reported in a smaller analysis of Army Gulf War veterans (24) . Although slight in magnitude, this may reflect health careseeking behavior among registry participants. These analyses have several important strengths. The large Gulf War veteran and registry populations generated sufficient statistical power to detect small risk factor differences. Additionally, the registry diagnostic data represent hundreds of clinicians from medical centers throughout the United States and in some foreign countries. The aggregation of these broadly collected health care data reduces the potential geographic and occupational bias that might occur if we had studied hospitals located in only one section of the country or hospitals serving only occupational subsets of Gulf War veterans.
Although the study population was large and data were collected from around the world, there are several limitations that must be considered. The study is based upon self-selected registry participation and may not represent the health status of the Gulf War veterans' population as a whole. The two registries serve different populations of eligible Gulf War veterans, and their administration may differ with respect to the availability of registry examination sites. For instance, most active duty personnel have close access to a primary DoD enrollment center. However, reserve and National Guard personnel may live in areas remote from Department of Veterans Affairs hospitals. These and other registry differences could influence some of the risk factor associations. Registry participation is also greatly influenced by media attention and likely influenced by compensation issues. This is illustrated by increased enrollment during periods of high media interest in Gulf War issues (figure 1), such as the 1995 announcement of neurotoxicity studies in hens by Duke University researchers (25) and the 1996 announcement by the Department of Defense that chemical agents had been destroyed by US forces near Khamisiyah, Iraq, during March 1991 (26). Finally, veterans continue to enroll in these registries, and risk factors for participation may change over time.
In summary, these data demonstrate important independent risk factors for participation in Gulf War health registries. In multivariate modeling, Army personnel (OR = 4.7), National Guard personnel (OR = 2.6), and personnel who served in the Gulf War theater during the combat period (OR = 2.2) were the most likely to participate. Older personnel, construction workers, females, and personnel who were hospitalized during the 12-month period before the war were also at increased risk. Registry participation was asso- 
El
